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Abstract : Soil stabilization can be explained as the alteration 
of the soil properties by chemical or physical means in order to 
enhance the engineering quality of the soil. The process of soil 
stabilization helps to achieve the required properties in a soil 
needed for the construction work. Soil improvement could 
either be by modification or stabilization or both. Soil 
modification is the addition of a modifier ( cement , lime etc.) to 
a soil to change its index properties , while soil stabilization is 
the treatment of soils to enable their strength and durability to 
be improved such that they become totally suitable for 
construction beyond their original classification. Expansive 
soils also known as swelling soils or shrink-swell soils are the 
terms applied to those soils, which have a tendency to swell and 
shrink with the variation in moisture content. As a result of 
which significant distress in the soil occurs, causing severe 
damage to the overlying structure. Soil possesses excellent 
performance at the optimum moisture content or below the 
optimum moisture content (dry side of optimum); however the 
strength and stiffness of soils reduces drastically as the 
moisture content increases beyond the optimum (wet side of 
optimum). This study is carried out with an intention to 
evaluate the effects of polypropylene fiber on the geotechnical 
properties of the locally available black cotton soil (Expansive 
soil) from Harihara city. Tests which are to be carried out on 
the sample of soil dealt with consistency limits, specific gravity, 
compaction, California bearing ratio, unconfined compressive 
strength and shear strength. These tests are to be conducted at 
both non-stabilized and stabilized states by adding 0%, 0.5%, 
1%, 1.5%, 2%, 2.5%, 3% of polypropylene fibre. The results 
show the effect of polypropylene fibre on geotechnical 
properties of the soil samples strength. 

Keywords: Stabilization, polypropylene fibre (PPF), 

expansive soil, CBR, Unconfined. 

I. Introduction 

Expansive soils also known as swelling soils or shrink-swell 
soils are the terms applied to those soils, which have a tendency 
to swell and shrink with the variation in moisture content. Such 
tendency of soil is due to the presence of fine clay particles, 
Swell, when they come in contact with water, resulting in 
alternate swelling and shrinking of soil due to which differential 
settlement of structure takes place. As a result of which 
significant distress in the soil occurs, causing severe damage to 
the overlying structure. 

During monsoon’s, these soils absorbs the water, swell, become 
soft and their capacity to bear water is reduced, while in drier 
seasons, these soils shrinks and become harder due to 
evaporation of water. These types of soils are generally found in 
arid and semi-arid regions of the world and are considered as a 


potential natural hazard, which if not treated well can cause 
damages to not only to the structures built upon them but also 
can cause loss of human life. 

Black Cotton Soil are soils or soft bedrock that increases in 
volume or expand as they get wet and shrink as they dry out. In 
India this Expansive soil is called “Black Cotton Soil”. Colour of 
this soil reddish brown to black and this helps for cultivation of 
cotton, so is called black cotton swelling soil covers about 30% 
of the land area in India. They are also commonly known as 
bentonite, expansive, or Black Cotton soil. In terms of 
geotechnical Engineering, Black Cotton soil is one which when 
associated with as engineering structure and in presence of water 
will show a tendency to swell or shrink causing the structure to 
experience moments which are largely unrelated to the direct 
effect of loading by the structure. 

II. Material and Methodology 

Black Cotton Soil: Black cotton soil which is expansive in 
nature was collected from Harihara Taluk, Davanagere District, 
and Karnataka. 

Polypropylene fibre: Polypropylene fibre is the most widely 
used in the laboratory testing of soil reinforcement. Currently, 
PP fibres are used to enhance the soil strength properties, to 
reduce the shrinkage properties and to overcome chemical and 
biological degradation. 

Methodology 

Following laboratory tests have been carried out as per IS: 2720. 
The tests were carried out both on natural soil and stabilized soil 
with Lime and Quarry dust. 

1 . Differential Free Swell index - IS 2720 Part-XI, 1972. 

2. Grain size analysis - IS 2720 Part 4, 1985 

3. Specific gravity - IS 2720 Part-3, 1980 

4. Liquid limit - IS 2720 Part-5, 1985 

5. Proctor Compaction - IS 2720 Part-8, 1983 

6. CBR test - IS 2720 Part-16, 1987 

7. Unconfined compression - IS 2720 Part-10, 1991 

8. Direct Shear test - IS: 2720 Part-13, 1986 

Sampling of Soil 

The laboratory studies were carried out on the samples of Soil, 
Soil + polypropylene fibre, for different percentage of Lime and 
Quarry dust as shown in the below proportion by weight of the 
soil. Soil Particulars 
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No 

Soil Sample 

Composition of s oil 

01 

Sample 1 

100 - /. Soil 

02 

Sample 2 

99.5-^ soil -KL.fi *4 PPF 

03 

S ample 3 

49.0% soil - 1 .0*4 PPF 

04 

Sample 4 

9 S . 5*4 soil +1 . 5*4 PPF 

05 

Sample 5 

98.0*4 soil +2.0*4 PPF 

06 

S ample 6 

97.5*4 soil +2.5*4 PPF 

07 

Sample 7 

97.0*4 soil +3.0*4 PPF 


III. Results and Tables 

Following tables and graphs gives the overall results of Specific 
gravity, Liquid limit, Maximum dry density, Optimum moisture 
content, CBR, Unconfined compressive strength. 

Table 1: at end 

Following Graph 1 shows the variation of specific gravity for 
soil with reference mix of polypropylene fibre. 



Graph 1: Variation of specific gravity 

Following Graph 2 shows the variation of liquid limit for soil 
with reference mix of polypropylene fibre.. 


Liquid Limit 

1 1 1 1 1 1 1 

SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 

1 2 3 4 5 6 7 


Graph 2: Variation of liquid limit 

Following Graph 3 shows the variation of maximum dry density 
for soil with reference mix of polypropylene fibre.. 


Maximum Dry Density 

1 1 1 1 III 

SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 
1 2 3 4 5 6 7 


Graph 3: Variation of maximum dry density 

Following Graph 4 shows the variation of optimum moisture 
content for soil with reference mix of polypropylene fibre.. 

Optimum Moisture Content(%) 

35 



Soil sample Soil sample Soil sample Soil sample Soil sample Soil sample Soil sample 
1 2 3 4 5 6 7 


Graph 4: Variation of optimum moisture content 


Following Graph 5 shows the variation of CBR value for soil 
with reference mix of polypropylene fibre.. 



Graph 5: Variation of CBR value 

Following Graph 6 shows the variation of unconfined 
compressive strength for soil with reference mix of 
polypropylene fibre.. 

Unconfined Compression Test 

htiIt i 

SAMPLE 1 SAMPLE 2 SAMPLE 3 SAMPLE 4 SAMPLE 5 SAMPLE 6 SAMPLE 7 


Graph 6: Variation of unconfined compressive strength 
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IV. Conclusions 

1. Specific gravity of BC soil decreased with the addition of 
polypropylene fibre. 

2. Maximum dry density (MDD) is observed at soil sample 5 for 
addition of polypropylene fibre. Further addition of it, MDD 
value decreased. By this it indicates that the, optimum value 
would be soil sample 5. 

3. Shear parameters such as cohesion, C decreased and angle of 
shearing resistance, $ increased at soil sample 5 compared to 
natural soil. 

4. The Maximum CBR value is 4.00% which is achieved by soil 
sample 4. 

5. The maximum compression test value is 8.88 Kg /cm 2 which is 
achieved by soil sample 5. 

So, from our project soil sample 4 and soil sample 5 will give the 
better Engineering properties on the addition of admixture. 
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Table 1: Overall results of Experiments. 


D es clip do n 

sample 

1 

sample 

sam pie 
3 

sample 

4 

sample 

5 

sample 

6 

sample 

7 

Ora in size 
analysis 

C Q 

= 14.16 
C c =2.7 3 







Specific 

gravity 

2.01 

2,35 

2,32 

2,30 

2.13 

2,05 

2.04 

Sw ell in d ex 

50.0 

- 

_ 

- 

- 

- 

- 

Liq uid limit 

iW) 

41.50 

29.00 

37.00 

41.50 

43.00 

49.50 

33.50 

Flasticitv 

IndexfW 

20.57 

19.43 

23.67 

16.50 

3.00 

21.33 

11.36 

Op dm u. m 
Alois tu re 
Content 

20.65 

25.45 

29.21 

27.23 

22.77 

24.25 

32,40 

Maximum 
Dry D ensity 

te/ccj 

2,06 

1.305 

1.71 

1.69 

2,43 

1 69 

1.53 

CBR <<**> 


3 

3 

4 

2 

- 

- 

JJm co nfin ed 

Compressive 

Strength 

(Kg/cm 1 ) 

5.94 

4.S9 

6,45 

6.9 

3. S3 

6,44 

6.72 
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